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Abstract 
Design and operation of buildings in view of optimal thermal and visual performance can benefit from deployment of appropriate 
simulation tools. Specifically, the design and configuration of building-integrated renewable energy systems (solar-thermal 
collectors and photovoltaic panels) can be effectively supported via reliable computation of incident solar radiation. Toward this 
end, advanced building energy and lighting simulation programs typically use high-resolution sky models. In this contest, the 
present contribution addresses the reliability of these models based on long-term high-resolution data collected at the observatory 
of the Department of Building Physics and Building Ecology at the Vienna University of Technology, Austria. This observatory 
is equipped with radiometric and photometric sensors to measure global and diffuses horizontal irradiance and illuminance, 
global vertical irradiance and illuminance of the four cardinal orientations, as well as sky radiance and luminance values for 
discrete sky patches. To evaluate the performance of two widely used sky models, we compared simulated and measured vertical 
irradiance values as well as patch radiance values. The statistical appraisal of the comparison points to limits in the predictive 
accuracy of both models.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction
Deployment of performance simulation in building design and control phase is believed to have the potential to
enhance the buildings' performance in their life cycle. This requires reliable input data for simulation models. 
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Specifically, obtaining high-resolution solar radiation data can represent a challenge. Several authors have proposed 
models to predict the distribution of radiance and luminance over the sky hemisphere based on global and diffuse 
horizontal irradiance and illuminance data, including Nakamura et al. [1], Matsuura and Iwata [2], Perez et al. [3], 
Brunger and Hooper [4], Igawa et al. [5], Kittler et al. [6], Kittler et al [7], Tregenza [8], Darula and Kittler [9], 
Mahdavi and Dervishi [10], and CIE [11, 12, 13, 14, and 15]. This paper reports on the evaluation of simulated 
vertical irradiance values obtained using two sky models adapted in the widely used RADIANCE application [16]. 
One of these two (GENDAYLIT [17]) is based on [3], whereas the other (GENSKY [18]) was constructed based on 
[2, 11, and 12]. These simulations were compared with corresponding measurements for the location Vienna, 
Austria. In addition to comparison of vertical irradiance values, we also compared predicted and measured sky 
radiance values for 145 distinct sky patches representing the sky dome.  
2. Methods
2.1. Data 
Department of Building Physics and Building Ecology at Vienna University of Technology is equipped with 
high-resolution microclimatic monitoring station. This station is located at the roof top of the main building of the 
university, which is situated in the Vienna city centre. To assess the performance of the models in capturing the sky 
radiance distribution, we used measured irradiance data incident on four vertical surfaces. A specially designed 
black coated ring mounted around the vertical irradiance sensors prevents that ground reflections influence the 
measurements. We collected patch radiance data using a sky scanner [19]. The measured horizontal global 
irradiance data was used as input for GENSKY and GENDAYLIT models to generate the sky radiance distributions. 
In the present contribution, we use 15-minutes interval data collected in the period between April and December 
2014.  
2.2. Models 
Combining physical principles and a large set of experimental data, Perez et al. [3] introduced a model to predict 
the relative sky luminance for discrete sky patches (Lr). This model was implemented in RADIANCE as the 
GENDAYLIT sky model [17]. Basically, the model contains two variables and five coefficients (See equation 1). 
The variables are the zenith angle of the considered sky point and the angular distance between the sky point and the 
sun disk. The coefficients resulted from least square fitting of the data and can be obtained from a table. 
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Here, ȟ is the angular distance between the sky element and the sun disk, z is the zenith angle of considered sky 
element and a, b, c, d, and e are the mentioned coefficients. In order to select the values of the five coefficients from 
the table, two variables, namely, sky brightness (ǻ) and sky clearness (ࣅ) must be calculated (see equation 2, 3). 
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Here, Ih.dif is the horizontal diffuse irradiance, In.dir the normal direct irradiance, ݖ௦ the solar zenith angle, ݉௔௜௥  the
optical air mass, and ܫ௡Ǥ௘௫௧  the extraterrestrial normal irradiance. ܫ௡Ǥௗ௜௥  is generated based on a diffuse fraction model
[20]. 
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With regard to GENSKY model [18], it is important to consider that four types of sky conditions are 
distinguished, namely: sunny, cloudy, uniform, and intermediate. Each sky category must be defined by the user as 
input for RADIANCE GENSKY program. To deploy the implemented GENSKY model in RADIANCE, we made 
use of the option to assign specific values to the tool's pertinent parameter in accordance with the relevant sky 
category. Toward this end, we considered the following categories: clear (sunny in terms of GENSKY), overcast 
(cloudy in terms of GENSKY), and intermediate (intermediate in terms of GENSKY). In order to map our weather 
station data into these four categories, we used a simple assignment rule based on the magnitude of the direct normal 
and diffuse horizontal irradiance components (see table 1). The output of both GENDAYLIT and GENSKY sky 
models in RADIANCE consists of sky patch radiance values in W.sr-1.m-2. 
Table 1. GENSKY categorization in presented study. 
In.dir  Kt Kd Category 
>=200 - <1/3 Clear sky 
<200 <1/3 >=1/3 Overcast sky 
else Intermediate sky 
2.3. Comparison 
Simulation results (vertical irradiance values) using the above two models were compared with corresponding 
measurement results. Moreover, to evaluate the accuracy of the sky radiance distribution predicted by the two 
models, sky scanner measurements for 145 sky patches were used. Evaluation statistics deployed included root 
mean square error (RMSE), coefficient of determination (R2), relative error (RE), and coefficient of variation of 
RMSE (CVRMSE). 
3. Results
Table 2 provides an overview of the results. Thereby, measured and predicted vertical irradiance and patch
radiance are compared. Note that RMSE values for vertical irradiance are given in units of W.m-2 whereas, those for 
radiance are given in W.m-2.sr-1. The distributions of the relative errors of the irradiance predictions for the four 
surface orientations are depicted in Fig. 1. Fig. 2 shows a comparison of measured patch radiances with the 
respective predictions of the two sky models. Fig. 3 shows the cumulative distribution function of the relative errors 
of the calculated vertical irradiance for both sky models. Fig. 4 shows the cumulative distribution function of the 
relative errors of the patch radiance values for both models. 
Table 2. Statistical evaluation of vertical irradiance (incident on surfaces facing four cardinal directions) and sky patch 
radiance as predicted via Perez et al. and CIE models 
Irradiance North Irradiance East Irradiance South Irradiance West Patch radiance 
Model GD GS GD GS GD GS GD GS GD GS 
RMSE 27.0 28.8 64.8 73.5 44.4 46.6 64.9 68.6 37.6 38.5 
CVRMSE [%] 27.4 29.0 22.5 25.4 17.0 17.8 22.8 23.5 49.4 50.5 
R2 0.74 0.69 0.97 0.95 0.97 0.96 0.96 0.96 0.86 0.85 
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Fig. 1. Comparison of the GENSKY and GENDAYLIT sky models in terms of distributions of the relative errors of predicted vertical irradiance 
values 
Fig. 2. Comparison of measured and computed patch radiance values (Left: GENDAYLIT; Right: GENSKY) 
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Fig. 3. Comparison of GENSKY and GENDAYLIT sky models’ relative errors (%) for vertical surfaces facing the four cardinal directions in 
terms of cumulative distribution functions 
Fig. 4. Comparison of patch radiance values of two models with sky scanner data using cumulative distribution of percentage of the results for 
different relative errors (%) 
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4. Conclusion
Irradiance on four vertical surfaces as well as radiance values of 145 sky patches were estimated using two sky
models (GENDAYLIT, GENSKY) embedded in the RADIANCE application. While the GENDAYLIT appears to 
perform slightly better, the comparison of the computational results with corresponding measurements conducted in 
Vienna point to a rather limited predictive potency of both models studied. In the case of a patch-to-patch 
comparison of measured and computed radiance values, large errors must be perhaps expected, given the chaotic 
nature of cloud distribution and corresponding radiance variance across the sky dome. In our study, only about 42% 
of patch radiance predictions display a relative error less than 20%. But the errors are quite large even in case of 
vertical irradiance calculations. For instance, the slightly better performing GENDAYLIT model yields the 
following percentages of results with relative errors less than 20%: 60% (North), 65% (East), 73% (South), and 64% 
(West). Hence these sky models would have to be improved – or calibrated – to more reliably reproduce the 
measured data.  
Future research will pursue a collaborative multi-location model comparison. Moreover, a more recent CIE sky 
model [7] involving the categorization of sky conditions into 15 types will be considered for evaluation. 
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